WO 01/25840 



PCT/C BOO/03796 



39 

Claims 

1. VA switch comprising an integrated spatial light 
modulator for receiving light of a predetermined 
wavelength, the modulator comprising a liquid crystal 
layer stoaced from a second layer by a layer having an 
optical Vetardance of an odd integer number of quarter- 
waves of\said wavelength, wherein the second layer is 
ref lective\of said light of said wavelength. 

2. The swrtch of Claim 1, wherein said liquid crystal 
layer is a nematic crystal layer. 

3. The switch\ of claim 1 wherein said liquid crystal 
layer is a 7c-celX. 

4. The switch of\ciaim 1 or 2, wherein the second layer 
is a metallic layerX 

5. The switch of Cl)ffitori 3 jwherein the metallic layer is 
of Aluminium. f \ 

6. The switch of anu preceding claim wherein said 
wavelength is 1.57 um \ 

7. A switch comprising ^n integrated spatial light 
modulator for receiving Uight of a predetermined 
wavelength, the modulator comprising a liquid crystal 
cell having a pair of opposedXand mutually substantially 
parallel end plates disposed substantially parallel to an 
axial plane, and spaced apart bV a liquid crystal layer 
providing a director angle tVlt in a tilt plane 
substantially orthogonal to said aVial plane, said liquid 
crystal being spaced from a second layer by an optical 
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layer having a retardance of an odd integer number of 
quarter-wavks of said wavelength, wherein the second 
layer is reflective of said light of said wavelength, and 
the optical layer being disposed with respect to said 
tilt plane su&h that light polarised in said tilt plane 
returns through said liquid crystal layer polarised 
substantially orthogonal to said tilt plane. 

8. The switch oV Claim 7, wherein said liquid crystal 
layer is a nematic\crystal layer. 

9. The switch of alaim 7, wherein said liquid crystal 
layer is a rc-cell. \ 

10 The switch of any\of claims 7-9, wherein the second 
layer is a metallic layeV. 

11. The switch of Claim V0\ wherein the metallic layer is 
of Aluminium. / \ V — 

13. The switch of any^/preceding claim, wherein the 
modulator has a glass coven disposed over said liquid 
crystal layer, and the metallic layer has a connection to 
driving circuitry for switching\ the modulator. 

14. A method of switching a liaht beam having a first 
component polarised in a first ^direction and a second 
component polarised in a second adrection orthogonal to 
the first, the method comprising providing a device 
having a liquid crystal layer and\an integral optical 
retardance, the liquid crystal being responsive to a 
variable drive voltage to providd a corresponding 
variation in director angle tilt; and farther comprising: 
applying a variable drive voltage to s^id liquid crystal 
device; applying said beam to said liquid crystal device 
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to provide an intermediate beam having a variable phase 
delay applied to \said first component and an at least 
substantially fixecK phase delay to said second component; 
by said retardanceA rotating the polarisation of said 
intermediate beam; applying the resultant light to said 
liquid crystal device whereby a component of said 
resultant light polaurised in said first direction 
receives said variable\ phase delay and a component of 
said resultant light polarised in said second direction 
receives said at least substantially fixed phase delay. 

15- The method of Claim 1A wherein the rotating step 
comprises rotating said polarisation through 90 degrees 
whereby at least substantially equal amounts of variable 
phase delay are applied to eacn of said first and second 
components . \ 

16. The method of claim 15 wherein the rotating step 
comprises a step of reflecting /^c&c^intermediate beam 
back along its incoming path. / \ J 

17. An optical switch comprising A plurality of input 
optical fibres for providing plural rnput light beams, a 
plurality of optical receivers for receiving output light 
beams , a first and a second reflective spatial light 
modulator, and drive circuitry for forming a respective 
plurality of switching holograms on each spatial light 
modulator, said holograms being selected \t° couple each 
said input optical source to a respective oesired optical 
receiver, wherein each spatial ligWt modulator 
incorporates a liquid crystal device for modulating the 
phase of light travelling through said liquid crystal 
device, a reflector device for returning \ight back 
through said liquid crystal device and a device\ disposed 
between said liquid crystal device and said Veflector 
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device, for rotating the polarisation of light by 90 
degrees, wherein the optical switch has an axis of 
symmetry ancK the spatial light modulators are disposed on 
opposite sideJa of said axis, each said switching hologram 
on said first ^spatial light modulator being operative to 
deflect said Vnput light beams to said switching 
holograms on said second spatial light modulator and each 
said switching hblogram on said second spatial light 
modulator being operative to deflect said light beams to 
a respective optica A receiver . 

18. The switch of alaim 17, wherein each said input 
optical fibre is directed towards a respective switching 
hologram on said first ^patial light modulator, and each 
said optical receiver comprises an output optical fibre, 
wherein each output optiaal fibre is directed towards a 
respective switching hologram on said second spatial 
light modulator. 



19. The switch of Claim Ifi wherein the first and 

second spatial light modulJatort are disposed such that a 
respective zero-order beamVjpef Ifected from each switching 
hologram on said first spatral light modulator is 
incident on a respective switching hologram on said 
second spatial light modulator. 



20. The switch of any of claims lt-19 wherein a half 
wave plate is disposed between said\ first and second 
spatial light modulators. 



21. The switch of claim 17 wherein \the switching 
holograms are spaced apart on said first and second 
spatial light modulators and the first and second spatial 
light modulators are disposed such that a\ respective 
zero-order beam reflected from each switching Hologram on 
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said firstt spatial light modulator is incident on a 
spacing between two adjacent switching holograms on said 
second spatAl light modulator. 

22. The switch of any of Claims 17-21 and further 
comprising respective optical systems disposed between 
said input fibres\ and said first spatial light modulator 
and between said \putput fibres and said second spatial 
light modulator, Xwherein each said optical system 
comprises two confi&cal lenses, the input and output 
fibres being dispose© in respective planes and a focal 
plane of a first lens\ of each optical system coinciding 
with the plane of the associated fibres. 

23. The switch of any ok claims 17-22 wherein the input 
and output fibres are disposed in respective planes and 
the optical switch further )fconvbrises respective arrays of 
microlenses, said microlecisete being disposed in front of 
each fibre plane such that each microlens corresponds to 
a respective fibre, ahd respective optical systems 
disposed between said inpot^f irVes and said first spatial 
light modulator and between sai\i output fibres and said 
second spatial light modulator, wherein each said optical 
system comprises two confocal len$es, and a focal plane 
of a first lens of each optical system coinciding with 
the output focal plane of the associated microlens array. 

24. The switch of Claim 22 or 23 wWerein said optical 
fibres are thermally expanded core (TEC)\ fibres . 

25. The switch of claim 17 wherein the fNirst and second 
spatial light modulators are mutually offset so that no 
zero order beams from the first spatial lxbht modulator 
is incident on the second spatial light modulator. 
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26. The\ switch of claim 25, and further comprising at 
least one\ optical receiving element disposed in a region 
receiving ^Baid zero-order beams from said first spatial 
light modulator, whereby input signal may be monitored. 

27. The switoh of claim 26 wherein the or each element 
is a fibre. \ 

28. The switch yf any of Claims 17 -27 wherein each 
switching hologram provides a repeating pattern on its 
spatial light modulator, whereby the repeating patterns 
on the two SLMs satisfy the relation: 

where 9 2 (u) is the repealing pattern on the second SLM and 
6i(-u) is the repeating pattern on the first SLM, and the 
angle of incidence is sufch that the Poynting vector of 
the input light beam incident or/ the first SLM, and of 
the light beams leaving ^heVb-e^nd SLM, is in the plane 
of tilt of the director. / V 

29. The switch of any or claimfe 17-28 wherein the output 
fibres are secured together rn an array by a glue 
containing black pigment to attenuate misaligned light. 

30. The switch of any of claims 17-^29 wherein the output 
fibres are secured together to formy an array and the 
spacing between the fibres of the array is occupied by 
interstitial fibres which serve to accent and guide away 
cross talk from the switching zone. \ 
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